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Our Program in conjuncton with has refned and is demonstra¬ting the 

swir fow reguator/soids-iquid separator (Figure 2).The devce is 
of 

simpe annuar-shaped construction requiring nomoving parts. It 

provides a dua function, reguating fow by acentra circuar weir, 

whe simutaneousy treatng combined sewageby swr action which imparts 

quid-soids separation. The ow-fow concentrate is diverted to 
the 

sanitary sewerage system andthe reativey cear iquid overfows the 

weir into a andreceves further treatment or is dscharged to the 

stream. Thisdevce s capabe of functioning effectvey over a wde 

range ofcombined sewer overflow rates having the abiity to 
effectiveyseparate 

and ight-weight organc suspended matter at asma 

fraction of the detention time required for conventiona 
sedi¬mentation. 

For these reasons serious thought s now being given tothe use 
of 

swir units in series and in parae soey as wet-weather treatment 

pant systems. A heica or spira type reguatorseparator has aso 

been deveoped based on simiar principes as theswir device, and we are 

ookng for further refinement. Mr. RichardSuivan wi speak on this 
subject 

foowing my presentation.Fow MeasurementThe quantitative and 

quaitative measurement of storm overfows isessentia for process 

design, contro 

and 
evauation. The "urbaninteigence systems" previousy mentioned 

require rea-time datafrom rapid, remote sensors in order to achieve 

remote contro of asewerage network. Conventiona fow meters have 

not been deveopedfor the highy-varying surges encountered in 
combined 

sewers. Here,a measuring device may be subjected to very ow 
fow 

rates, submer¬gence, reverse fow and surcharge a during a singe 

rainstorm.These severe fow conditions rue out the reiabe and accurate 

app¬ication of conventiona devices such as weirs and fumes at 
many41 





ocatons. Consequenty, we are deepy Invoved in the deveopmentand 

demonstration of sophstcated and new fow measurng equipmentutiing the 

varous principes of: hot-fim anemometers, concen¬traton of induced 

foregn matter utrasound, and eectromagneticsas apped to open 
channe 

fow.Our Program has aso 

contributed 

towards the deveopment of a pro¬totype monitor capabe of 

instantaneous, measurement of sus¬pended soids based on the optica 

prncipe ight Management Mode The capabiity to anayse various 

component 

fows and poution oadsthroughout a 

sewerage system s one of the keys to better design ofcontro and 
treatment 

systems. Due to compexities of the phenomena past anayses have 

been ess than adequate,resuting in poor estimates of fow and 
predicted 

system responses toa storm. By virtue of previous undertakings, 

we now have avaiabean operationa "descrptive" mathematica mode 
which 

can overcomeformer anaytica deficiencies. Figure 22 depicts a 

schematic over¬vew of the modeWe are now in the nitia phase of 

demonstrating the appication ofthis method for "decisionmakng", that 
is, 

ts abity to 

anayse 

amajor combined sewer system to seect and to design contro and 

treatment approaches based n cost/effectiveness and to eventuay 
desgna 

computerzed means of overa management of the system during stormfows. 

The mode wi be fuy expaned ater on today by Dr. PROGRAM PROJECT 

NEEDSLooking ahead, the Storm and Combined Sewer Poution Contro 
Program43 
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needs are vast and numerous. At present, we are directng our effortsto 

the foowng:. A 

nation-wde assessment of sewered and non-sewered straighturban 

mpacts, not combined sewage - a considerationwhch has been 

stressed by the 972 Amendments to the Act.2. Dua use 
facties 

for wetweather and dryweather treat¬ment. Wet-weather 
facilities 

buit n conjunction wth newor existing sanitary pants 
can 

demonstrate their benefit by being utized to take over 
during 

repars, poish¬ng secondary effuents, or increasing dry-weather 
treatmentcapacty during the vast majorty of the time, 

i.e., whenit is not raining.3. Land deveopment making fu 
use 

of runoff and 

natura dran¬age - aestheticay bending into the surrounding 
environmentrather 

than upsettng it.4. Wet-weather faciities for 
treatment 

of dry-weather 
creek 

fow,again making fu use of these faciities during 
otherwisedowntime.5. 

A mode monitoring/management system for aton 
updating, 

and 

instructions on mode appication.6. A functiona evauation of the 

need for catch basins today -and deveopment of new 

aternatives.7. Estabishment of uniform techniques for samping and 

anaysisof storm fow and for determining 

design voumes and 8. Further deveopment of fow measuring 
devices.9. 

Fostering a stormwater survey course at the university 

grad¬uate eve. Storm generated poution ranks high 

aong withdomestic and industria sources and yet remains 
unstressed 

inthe schoos. With wet-weather contro requirements 

evident,now 
s the time to encourage unversities to cover the 

conceptsof stormwater runoff and combined sewer overfow 
poutionin 

proper perspective in their graduate schoo water poution45 



contro curricuum.0. 

The swir device appied for grit remova and primary separa¬ton of 

sods from combned sewage, stormwater, erosion run-off, aong 

with the optimization of its sister device, theheica fow 

reguator/soids separator.There are aso 

major 
contro methods requiring further deveop¬ment. "Upstream storage or 

other contro processes to decrease thestormwater effect on ower 
portions 

of the system is one casein point. Aside from the main objective 

of controing storm-generatedpoution, upstream control can precude 
the 

need for additiona down¬stream sewer ine capacty and associated 

construction requirements,aeviate shock oadings due to scouring 
veocitiesreieve 

the oftenoccurring expense of constructing faciities downstream 

near water¬courses in unstabe soi with high water tabe whie 
offering 

greaterfexibiity for contro and treatment. An exampe of this woud 

bethe temporary storage or attenuaton of stormwater at the buiding 

orimmediate area through the use of hoding tanks, seepage pits 

(possibyfor recharge), roof tops, parks and paygrounds, backyard 
detentionfaciities, 

porous pavement (previousy discussed) or 
neighborhooddecentraied 

stormwater colection sumps incuding storage faciitiesunder 

streets. Upstream control systems shoud automaticay reguatedischarge 

fro storage to the a watercourse, or a sewersystem. Pans for reuse 
of 

stored water for irrigation, street cean¬ng. sewer flushng, 
aesthetic 

and recreatona ponds, potabe suppy,and other purposes is aso 
encouraged.Many more ideas and concepts coud be added - some may be more 

sig¬nificant than those discussed. 

Submssion 

of ideas project proposasor grant appications to the is 
strongy 

encouraged.46 



CONCLUSIONA 

facts point to a rea requrement for treating and controing and 

combined sewer overfows. In view of the tre¬mendous quantities of 

poutants bypassed during ranfa from thecombined sewer system, it does 

not seem reasonabe to debate whethersecondary treatment pants shoud 

be desgned for 80, 85, or 90% BODor suspended soids remova, when 
in 

fact the sma increments gainedin this range are competey overshadowed 

by the bypassing occurringat reguators during wet-weather fow.The 

muti-biion doar treatment pant 

upgrading 

and expansionprogram now gong on throughout the country wi 
do 

much to ae¬viate polution of our waters. However, means of 
mitigating 

theeffects of combined sewers must aso be found if we 
hope 

to abatethe poution in an optima manner. Wet-weather standards 

are a¬ready being instituted by the federa government and some 

states andocaities. Recognizing this, our Program wi strive to be a 

primesupport for this rea word appicaton.47 
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The American Pubc Works Associaton has had an actve programof 

research in the fed of storm water poution. Its program 
hasinvestigated 

such fieds as the poution of storm water, the extentof combined 

sewer facties, the design, operation and maintenanceof combned 
sewer 

overfow reguators and the prevention and correc¬tion of excessive 

infitration and infow into sewers. These pro¬jects were either 

conducted under contract with the Federa or as cost-sharing 
projects 

jonty financed by ocapubic agencies and the federa government. 

My remarks today wibe based upon the research findings of our 

Foundation,I wit briefy review some of the major 
findings 

of our report"Prevention and Contro of Infitration and 
Infow". 

I wi asoreview with you guideines for the etabishment of a 

survey todetermine the nature and extnt of infitration, and some 

of thefactors to be used in making an economic anaysis of 

desirabecorrective actions.In our study of the probems of combined 

sewer faciities 
it50 



became evident that inftration pays a major roe in many faci¬ities 

by either causing more frequent r proonged overfow events.With the 

assistance of some 34 oca agencies and the Water QuaityOffice, we 

undertook study of the prevention and correction ofinfitration. 

For ease of discussion we decided to consider the"Two of 
infitration. 

The first "I" - infitration - is inthe cassic sense, 

that fow which enters the sewer through ppeand joint defects and 

manhoe covers, etc., and inflow - issrface water which is 

deiberatey introduced into the systemthrough footing drains, 

downspouts, area-way drains, and such.Infitration and inflow both 
take up capacity within the coectionsystem. However, the two have 

entirey different characteristicsas to time of occurrence, and 

means of correction and prevention.If infitration and infow 
exist, 

why shoud we be concerned?One of the most common probems 
associated with excessive infi¬tration or infow is backups into 

basements fooding of manhoes,treatment pant overoads, pavement and 

sewer faiures; a arecomon probems. may resut in poution of the 

tabe.hen we ook at the etent of infitration, we can 
concudethat 

a sewers are 

combined, 
it is a matter of degree. Whereeven mnima amounts 

of infitration and Inflow are present, areguator device of some 

type wi be used on the sanitary sewersystem to reieve the 
excess 

fow condition. Quite often thisis ony eader from a sanitary 

sewer to a storm sewer, or ahoe in the side of a sanitary 

sewer manhoe which, under sur¬charge conditions, wi aow excess 

fow to enter a creek or streambed. For such systems to be 
described 

as "separate" is ironic,inasmuch as its voume of non-sanitary 

fow may reach 40 to 1, ascontrasted to the strict combined 

system 
where this coud be 90to 100 to 1.51 



Correction of nftration probems can be categorized underthe 

dua headings of prevention of infitration and infow in newsystems 

and the correction of existng conditions.ith 
regard 

to new construction; tremendous advances have beenmade in 

pipe and joint materias. Contractors and pipe supierswho worked 

with the in the preparation of the report wereagreed that a 

construction standard of 200 gaons per inch-mieper day was reasonabe 

and coud be met without additiona cost tothe oca agency. In 
practice 

we found that consuting engineershad, in effect, an extremey 

wide array of construction standards,wch they reguary cite for 

ne construction. There was itteagreement as far as to the unit of 

measure or how the standardwoud be appied. In this regard I 
think 

it is important to rememberthe effects of low standard for 
gaons 

per inch per mie appiedto engths of 200, 300 and 500 feet. Alowabe 

infitration may beamost impossibe to measure. Specifications 
using 

ow infitrationrates shoud spe out how compiance is to be measured. 

For exampe:200 gaons per inch per mie per day aows 4.4 gaons in an 

8-inchpipe an hour between manhoes 350 feet apart.The detection of 

infitration is a time consuming and 

generalyexpensve 

process. am not aware of any short cuts to the 
prepar¬ation 

of comprehensive survey. Our report contains an outline 
ofa 

ten-point program as deveoped by the American Pipe Services Co.of 

Minneapois Minnesota. For purposes of our discussion today Ihave 

expanded this to tweve points, and woud ike to considerthese 
steps 

briefy with you.The steps invoved in compete 
infitration-inflow 

anaysisincude:1. SET 

OBJECTIVES: 
what is the apparent probem,in what condition is 

the 
sewer 

system, is there an adequate52 



maintenance program, how can sources of inftratoninfow 

be determined and at what cost.2. 
IDENTIFY 

SYSTEM: prepare pot pan of entire system,identifyng 

component drainage systems and key manhoeswithin the 

system.3. IDENTIFY 

SCOPE OF INFILTRATION: make fow measurement,insta ground 

water gauges in manhoes, and meter fowsat ift pumps.4 

RAINFALL 
SIMULATION: 

food the storm sewer and determineif fow enters the 

sanitary system - use when infitrationnfow probems are 
identified 

as rain-connected.5. DETERMINE EXTENT OF 

SEWER CLEANING NEEDED: TV camera isnot effective uness a 
sewer 

ine is very cean.6. MAKE AN ECONOMIC 
FEASIBILITY 

STUDY to determine whichportons of the system wi be 

ceaned and physicayinspected.7. CLEAN SEWERS to be 

inspected.8 

MAKE TELEVISION INSPECTION.9 

DETERMINE EXTENT & LOCATION OF 

INFLOW.10 MAKE ECONOMIC ANALYSIS: where 
shoud 

rehabiitation orrepaceent work be cnducted.11. RESTORE 

AND REPAIR SYSTEM.12 ESTABLISH 

TREATMENT PLANT DESIGN 
CRITERIA 

on basis ofreduced fows.One of the important points 

that must be 

stressed 
again andagain is that if we are going to ook for 

infitration we mustoo when it ogicay wi be present. Thus the use 

f ground-water gauges to determine whether or not the individua 

pipe sec¬tions are beow the tabe is a necessity. Second, 
thesewer 

ines must be cean if they are to be inspected. By cean,I mean 

that fu gauge too must be passed through the ine. Thisis generay 

more than the norma ceaning procedure of most 53 



The ceanng procedure wi be expensive and time consuming.Therefore, 

carefu anaysis must be made as to the capability ofthe agency 

to cean sewers and this must be attached with the pan¬ned progress 

of the survey. Ceaning may be a deciding factor indetermining 
how 

much of a system may be actuay nvestigated. Itmay be necessary 

to contract for ceaning.Propery timed 

teevision 

inspection in a we-ceaned seweris extremey hepfu in 
analyzng 

the ocation and amont of infi¬tration waters entering the 
sewer 

ine. Data obtained wi incudean indication as to ocations of 
many 

sources of infow and buid¬ing sewer infitration. The atter, 
buiding 

sewer infitration isa hard probem to approach, inasmuch as it 

s very difficut togain access to that portion of the sewer 
system. 

-Arough anaysisof a community's tota sewer system may indicate 

as much as hafof the tota sewer system is buiding sewers. Shoud 

the ground-water tabe be high, and the buiding sewers under the 

tabe, a substantia portion of the total oad may come from 
thisportion 

of the sewer system. Again, such ines if they are shaowmay 
be 

an important source of inftraton and nfow durng periodsof 
precipitation. 

One community which experienced severe overoad¬ing and 
basement 

backups during periods of rainfa found that roofeaders 
discharged 

adjacent to a buiding aowed amost drectconnection of the 
water 

from the roof into the building sewer.This comunity required 

that roof eaders be discharged five feetfrom the foundation, 
and 

the probem was corrected. In othercommunities officia practice 

may have aowed foundations drainsto be connected to the 
sanitary 

sewer. This again eads to a tre¬mendous increase in the fow. 

In a ike manner sump pumps, ifaowed to discharge int the sewer 

system, quicky cause over¬loading. Yet another source of infow 

water is from manhoes.There are many conficting opinions, 
however, 

with regard to usingwatertight covers on manhoes because 

of the buidup of gas within54 



the system. However, if the manhoe s to be ocated in an areawhere 

storm water may enter the system, many communties have goneto 
watertght covers or have added pugs to the penings to keepstorm 

water 
out.Detection 

of the ocation of infow is perhaps the easiestpart of 
the 

batte. The rea test is to attemt to change orcorrect the 

conditions within private property. Residents ofbuit-up areas 

without storm drains in many areas are oathe tohave sump pumps 

dscharge onto awn areas. In fact, in many areasthere may not be 

sufficent awn area to take the fow. In ikemanner, foundation 
drains 

must have a ocation and a way of carryingoff the fow or there wi 

be backup into the basement. To reduceerosion, roof eaders may 
be 

discharged into the sanitary sewer.The report has recommended 

that agencies prior to fund¬ng reconstruction of paraeing 
of 

their nterceptor sewer orreief sewer and constructon or 
additona 

treatment faciities,make thorough nfitration study to 
determine 

the amount of fowwhich might be eiminated by correction of 
infow 

conditons orimprovements of the sewer ine to eiminate 

infitration.From doars and cents point of view, this seems 

appropriate.From a standpont of controing poution we are generaly 

furtherahead in eliminating poution if we cean up the source rather 

thanif we buid additiona faciities and then have continuing 
opera¬tiona 

cost.For ths reason, in our Manua of Practice, we attempted 

todeveop an 

outine of an economic anayss order that the cost 
ofnftration 

and nfow waters igh be determined and so that anagency coud 

determine how much it coud afford to spend for the55 



contro of infitration and infow. Very few exampes were foundwhere 

such an economic evauation had been made. hie many of thetoos 
that 

are avaiabe at this time are not exact, because ofack of 
adequate 

record systems by oca agencies, we must have theeconomic 

justification of our pouton contro activities.56 
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There is a broad cross-sectiona nterest in the 
properdesign 

and operation of combined sewer overfow reguators.Consuting 

engineers - genera design of faciities; poutioncontro 

personne monitoring faciities to determine thenature and 

extent of the oad to receiving waters;industria representatives 

- to design and buid the actuareguator; and oca governmenta 

officias - to bridge betweenthese three groups and to pay 
for 

the faciities. Payment is veryimportant inasmuch as for this 

porton 
of the poution controprogram, federa and state aid is not 

generay avaiabe toassist oca government in financing the 

constructon and recon¬struction of facities that wi ead to a 
reduction 

of thissource of the oad. Lack of such aid is somewhatunque 

and, undoubtedy, is directy responsibe for the factthat 

reativey itte work has been accompished at the ocaevel to 
impement 

the types of poution contro programs whichhave been 
advocated 

and demonstrated by the Water Quaity Officein the fied of 

storm and combined sewers. Construction grantfunds from have 
been 

avaiabe for ony a handful of faciities,58 



where essentay primary treatment wi be accompished.It is 

appropriate to consder the "officia poicy" re¬gardng 

combined sewers. For many years it appeared that theoffica 
poicy 

of the federa government was that combnedsewers woud be 

separated. In 1967 the competed its reporton the extent of 
combined 

sewer facities with cost estimateof $48 biion in 1967 
doars 

to separatng systems invovingsome 36 miion persons. It 
appears 

that generay the Washingtonofficias are now convinced that 

separation aone is not thesoution, though the word has not 

necessariy been reached, orbeen adopted by the regiona offices, 

as we st see resuts ofconferences which wi requre separaton of 

combined sewers on awhoesae basis. Other federa agencies such as 
DOT 

and haveaso geared their programs to further the separation 

of combinedsewers. This becomes particuary ironic as the extent 

of storm-water poution becomes evident and in some areas we begin 

to takor require treatment faciities for A great dea ofrethinking 

appears warranted at this time before actuay estab¬ishing a 

nationa poicy. From the work that the APWA has accom¬pished, it 
has 

been shown that storm waters are pouted whetheror not they 
are 

carried in separate or combned sewers and thatto meet receiving 

water quaity standards, treatment or controfaciities may be 

necessary.Consuting engineers and oca government officias in 
consdering 

the combined sewer 

overfow 
reguator faciity probemsshoud begin by defining their 

needs, 
particuary n measurabeterms. For instance, a genera need 

is to ether reduce or em¬inate poution from combined sewer 
overfows. 

The need might bebased upon a requirement to improve 
receiving 

water quaity, toimprove the vaue of and adjacent to the 

overfow, 
to improve ormake possibe operation of treatment or 

control 
faciities, or to59 



improve operaton of the treatment pant. The need then, mustbe 

defned n terms of how much r the extent of actua improve¬ment 

required. Means must be avaiabe to determne whether ornot the 
desired 

goa has been achieved.If our 
desire 

is to reduce pouton, we shoud determinewhether or not 

the economica soution is to reduce fow in thecombined sewer by 

a system of surface storage in-system storageor treatment of the 

overfo. The type and size of the reguatorwi vary consderaby 
depending 

upon the nature of the treatmentor contro device.Criteria 

for the operaton 

of 

the reguator trditionay hasbeen to mit fow to the nterceptor. 

I woud ike for you toconsider, however, the concept of the 

Two contro of quaityand quantity of the overfow. Reguators can 
be 

cassified asether static or dynamic. If they are static, 
they 

perform n adetermined manner, and are unresponsve to changes 

in control evesin the nterceptor or changes in the quaity of the 
sewage. 

Dynaicreguators, on the other hand, can be designed to be 
responsve 

toa variety of fow conditons and fow characterstics. The 

reg¬uator must be responsive to flow both in the interceptor 
andcoector 

sewer the maximum oad shoud be divertedto the 
interceptor 

sewer, there shoud be no dry weather overfows,there shoud 
be 

ow maintenance cost, and a ow initia cost sdesirabe. Operation of 

the regulator must be responsive tochanging conditions. Quaity 

of overfow may be mproved byscreening, use of secondary 

motion, 
or the mode of operation.Choice of the ndividua 

reguatng 
device to be used wi be infu¬enced by space required, 

avaiabiity 
of access, outfow condtions,head-oss withn the reguator, and 

exterior power requirements.A must be evauated and considered.60 



The major findngs and recommendatons of the study were:Efforts 

shoud be made by oca jursdctions to consodateminor overfow 

points into fewer ocations, n which theinstaation and 

maintenance of sophisticated reguatordevces and contros 

w be economcay and physicayjustified."Tota systems" 
management 

of 

sewer system reguator-overfowfacities shoud be insttuted 
wherever 

ths procedure can beshown to be feasibe and economica. 
This 

wi invove theuse of dynamic-type reguator devices and 
the 

appicaton ofinstrumentation and automaticautomation contro 

methodswhich wi be expedited by a reduction in the 
number 

of over¬fow points.Dynamic-type reguators shoud be used 

wherever 

possible 

andfeasbe for "traffic contro" of combined sewer fows. 

Thscoud shunt surcharges of portions of such a system into 

sec¬tions of sewers which are not simutaneousy so affected. 

Thisapproach coud be enhanced by the monitoring of precipitationand 

sewer fows through an adequate network of stations, 
incommunication 

with a centra contro point from whence fowrouting 

decisions can emanate.The type of reguator used shoud be 

determined on the basisof its 

performance and potentia reduction in overfow 
effects.Maintenance 

schedues and budgetary appropriations shoud bepanned 

on the basis of 

the specific needs of static, dynamicand instrumented units 

in service. Each type of reguatorshoud be given the attention 

it requires to achieve maximum61 



performance.Reguator 

facites shoud be stuated in accessibe ocatons,provided 

with safe and dependabe access faciities, be free ofother safety 

hazards have adequate space for necessary mainte¬nance work 

and, when possibe, be accessibe from ocationsother than the 

street or highway right-of-way.Maintenance 

crews 

shoud be adequatey staffed and crews shoudbe provded with a 

necessary service equipment and toos fortheir work and for 
their 

protection. In-service traning shoudbe provided and preventive 

maintenance schedues shoud be estabshed. Records of maintenance 

work must be accurate and com¬pete in order to assess 
propery 

the effectivenss of reguatoroperations and to aocate budget 

costs for each specific main¬tenance and operaon 
procedure.Specifcations 

must require the use of 

the most corrosion-resistant and mosture and exposion-prof 

materasin the fabricaton and instaation of reguator devices 

andcontro faciities. The number of movabe parts and 
appur¬tenances 

shoud be reduced as much as possibe, commensuratewith 

efforts to provide greate sophstication of 
reguatorfacities.here 

possibe, tide gates shoud be ocated in adequate 
cham¬bers. 

In 

cases where system contro of reguator-overfownetworks is 
provided 

by automatic-automated means, the prox¬imity of tide 

gates with reguator chambers wi faciitatethe tie-in of 
backwater 

contro with overfow contro. Stateand provincia water 

poution contro agencies shoud incr¬ease their reguatory contro 

of this source of pouton andprovide standard requirements 

and the engineering personne62 



necessary for enforcng the control of overfows from combnedsewer 

systems. Further, such agences must recognize the factthat 

exsting combined sewer systems must be upgraded if po¬ution 

eves are to be reduced.Efforts 

shoud 
be made to design reguators to minimize cog¬ging and 

consequent 
overflows. Where coggng isinevitabe, mantenance 

schedues 
shoud be adapted to correctthis conditon as as possibe.As 

indicated interest by various states in 

reguators andoverfow probems vary consideraby. Few states 

have astaff knowedgeabe enough to give much guidance to oca 
officiasor 

to even review pans. Many states appear to want to beievethat 

if they do not get too concerned about the probem it wilgo 
away. 

Many seem to be taking the textbook advice that combinedsewers 

are a thing of the past. Inasmuch as over 30 miion peopeare 
directy 

served by combned sewers with some 18000 overfowpoints, I doubt 

that ths represents much more than wishfu thinking,At the cose 

of the research project the deveoped aManua of Practice. There is a 

great dea of heretofore unpublishedwork in it, which 

represents good practice in the fied. Certainyyou and the pubic agency 

whch you serve shoud review the Manuafor information regarding 

requirements for the design, operationand maintenance of faciities, 

as we as a description of someof the newer types of reguating 
devices. 

Many of you wi have avery dfficut time convincing an 
agency 

that they shoud pay morethan the $2,000 to cost of a static 

reguator device. How¬ever, if poution is to be reduced, time and 

money spent on thedesign and construction of adequate reguator 

faciities 
wi domuch to enhance the oca program.63 
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IntroductionThe 

pressure sewer concept has been around for a number of 
years.When 

referring to pressure sewer we are dealing with a wastewater 
collectionsystem 

that utilizes a newly developed Grinder Pump Unit and small 
diameterplastic 

or metallic piping systems. It is by no means intended to 
replacegravty 

sewers but only to supplement the wastewater collection system.th 

financial assistance from both the State and Federal govrnments,a 13 

month 
study was completed in Albany, New York for the purpose of evaluatingthe 

functiona 
specifications of the Units and to gain first hand operatingexperience 

on the mechanical performance, use pattern, operating cost, main¬tenance 

rquirements, etc. on these units. The final report is available from2)the 

Government Printing Office . A full decription of the installations,the monitoring equipment, 

the piping system, etc. was published previouslyTherefore, it is not 

necessary 
to go into a detailed description ofthe installation, with 

the eception of stating that the pressure sewer systemwas very simple in 
design. 

The wastewater was diverted to the Grinder PumpUnits tank from which 

point 
it was discharged by means of a plastic pipepressure ateral to an outside 

to 3" plastic pressure main. The pressuremain at a 4 foot depth received 
the 

macerated wastewater from all 12 housesand simply discharged it into a 

gravity 
system within the city of Albany (Figure 1).Grinder-Pup UnitsThe GP Unit 

consists 

of the 
following 

mechanical components (Figure 2) (a) Grinder, placed in an inverted 

position and operating at 1725 with thecapability of handling foreign objects 

without jamming; Pump, positive dis¬placement, progressing cavity type with an 

almost vertical curve and proven66 
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solds hndling ability Motor, 1.0 horsepower, operating at 1725 capacitor 

start hgh torque, squirrel cag induction motor with a builtinthermal overload 

protector Check Valve, ing check type with passagewayssmooth and free from 

roughness and obstructions, and a unique flxible hingeof small section 
without 

mechanical pins, rivets, screws, etc Controlsan inverted diving bell 
system 

to turn the motor on and off.(3)A inch dicharge pipe 
was 

selected as the optimum size capableof not only handling the 
macerated 

without clogging but alsominimizing the head losses' (Figure 

3).ResultsThirty nine out of the 44 recorded 

malfunctions 

were 

contributed bythe Prototpe Nine of these Prototype units were 

replaced byModified GP Units (Figure 4) after oly 6 onth because of the 

large numberof malfunctions. The newer units performed satisfactorily for 

the 
remaining ofthe project. Loss of prme by pump and grease cloging of the 1" 

openingwithin the bell-shaped pressure sensing tube was the major cause 

of the mal¬functions experienced by the Prototype Units. Corrective 
modifications 

wereincorporated in the manufacturing of the modified GP Units with 

considerable im¬provements in the daily operation.One of the primary interests of 

this project was to extensively 

testthe reliability of the mechanical components in an actual field 

installation. testing and post-installation testing (Table was performedin 

order 
to determine marked deterioration if any, in the physical tructure 

aridperformance 

of the GP Units components. In addition to the 6282 operations.occurred 

during the so-called69 
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de-bugging period total of 73,458 Units operations were recorded duringthe 

remainder of the demonstration project (Table 2)Even 

though the operating cycle varied greatly for the prototypeunits 

the modified units operated on a cycle between 57 and 74 seconds (Figure 5),with 

the average operating tie of 11.5 minutes to 27.5 minutes per day. Further¬more, 

based on th occupancy rate of 75 persons for the 12 town houses, a valueof 2.6 

operating cycles per capita per day was calcuated for this particularsingle 

family residential development.The 

documentation 
of the operating cost was of prie interest, sinceit was 

essential 
to verify the theoretical cost value of $2.12/year for a(3 4)family 

of 
5 Two watt-hour meters were installed to register only thetotal power 

consumption of two individual GP Units. Based on the monthly oper¬ating time, 

proportional monthly power consumption values of 10.2 and 5.3 were calculated. 

Applying an average incremental power consumption rate of2.34 per 
kilowatt 

hour the monthly operational cost for Unit No. 1amounted to $0.24 and 

SO.12 for Unit No. 2 (Figure 5), which is equivalent to$1.18 for a family of 

3,up to $3.50 for family of 9.The GP Unit's usage 

varied 
greatly from day to day for any given unit.An even greater 

variation 

was documented when comparing weekday versus weekendusage. This is 
graphically 

illustrated in Figure 6 for two given units. Thetotal weekend daily 

usage 
exceeded the weekday total daily usage by 50-60operations (an increase 

of 35 over the wekday total).As an indcation of the 

improved performace record of Modified Unitsversu the Prototype Units, 

a value, known as the "down-time" was computed foreach of the GP Units. The 

"down-time" value is based on the amount of time aunit was non-operational 
over 

the total amount of time of possible operation.73 
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The Prototype Units produced a "downtime" of 2.69 for the first 
sixmonths 

in comparison to only 0.27 for the Modified Units over the last 7month 

period.DiscussionThe 

pressure 

sewer system pipe sizing was based on the minimum56)scouring 

velocity 
criteria of and on certain engineering assumptons2regarding the 

estimated 
flows from the 12 GP Units. must be understood that the 

flows n the different portions of thepressure main were based strictly 

on an engineering estimate. There as nodata available on the frequency 
of 

GP operations for a multiple units system.It was possible to predict the 
peak 

usage hours of the GP Units, but since theoperating cycle per GP Unit is 
very 

small, 57 ses. to 74 ses it was almostimpossible to predict the number of 

units working simultaneously during thispeak period. It was, therefore assumed 

that a maximum flow of 90 wouldflush regularly that portion of the 
pressure 

main serving all 12 GP Units. Itmust be understood that the hydraulic 

characteristics of the pressure sewersystem is dependent greaty on the varying 

wastewater flows within that system.Information on simultaneous occurrences 
was 

an essential phase ofthe project. This type of data is critical 

for the design of future pressuresewer systems. The maximum anticipated 
flows 

will dictate the size of pipewithin the pressure system. At the same 

time, 
the hydraulic gradient willreach its peak slope. The engineer 

therefore, 

must design a system optimizingthe sizes and scouring velocities and be 

certain 
that the upper recommendedworking pressure of the GP Unit is not 

exceeded,During 
the last ten (10) months of the 

demonstration 
project, duringwhich time the 12 channel event recorder 

was 

in operation, a total of 58,82377 



operations were recorded which represent approximatey 191 operations per 
day.Threfore, 

in order to obtain a picture of the minimum and maximum flows withinthe 

pressure system, the above mentioned data indicated that (a) on the average,2 

units ran simultaneously 20 times per day 3 units operated simul¬taneously 

slightly more than once per day, and 4 GP nits ran simultaneouslyon the average 

of once every 14 days.Also, by using 

all the automatically recorded data, total wastewaterflows were 

calculated, 
which ranged between 95 and 100 percent of the actualwater 

consumption 

(Figure 7).The close 

relationship 
between the water and calculated wastewaterflow is a 

highly 

reliable indicator of the corresponding wastewater discharges.Also, winter 

ater 
flow records can be used to estimate accurately expectedwastewater 

flows.Pressure 
gages 

were installed in each basement so that the maximumand minimum 

pressures 
occurring during any fifteen minute period might berecorded. These 

pressure readings were indicative of the varying hydraulicgradient line 

for 
each of the twelve GP units (Figure 8). The computerieddata indicate 

that 
presures in exces of 30 were reached by few GPUnits.Once the 

demonstration 

phase of the project was completed portionsof the pressure main 

and 
the in. pressure laterals were carefully excavatedand removed. Grease 

accumulation 

within most ections was evident. Reductionsof up to occurred in the 

prsure main.The system was simpy Where flows 

were expected toreach 90 regularly flows of only 45 were 

recorded 
(Figure 9). Thereforeinstead of a pressure main, a 2" main would have 

been 

sufficient for the 12town houses.78 




